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Abstract 
'LVWULEXWHG K\GURORJLFDO PRGHOV RI HQHUJ\ DQG PDVV EDODQFH XVXDOO\ QHHG LQ LQSXW PDQ\ VRLO DQG YHJHWDWLRQ
SDUDPHWHUV ZKLFK DUH XVXDOO\ GLIILFXOW WR GHILQH 7KLV SDSHU ZLOO WU\ WR DSSURDFK WKLV SUREOHP SHUIRUPLQJ D
SDUDPHWHUV FDOLEUDWLRQ EDVHG RQ VDWHOOLWH ODQG VXUIDFH WHPSHUDWXUH GDWD /67 DV D FRPSOHPHQWDU\ PHWKRG WR WKH
WUDGLWLRQDOFDOLEUDWLRQZLWKJURXQGGDWD
$SL[HO WRSL[HO FDOLEUDWLRQSURFHGXUHRI VRLO K\GUDXOLF DQGYHJHWDWLRQSDUDPHWHUV IRU HDFKSL[HO RI WKHGRPDLQ LV
SURSRVHGDFFRUGLQJWRWKHFRPSDULVRQEHWZHHQREVHUYHGDQGVLPXODWHGODQGVXUIDFHWHPSHUDWXUH
$ GLVWULEXWHGK\GURORJLFDOPRGHO )(67(:% WKDW VROYHV WKH V\VWHPRI HQHUJ\ DQGPDVV EDODQFH HTXDWLRQV DV D
IXQFWLRQRI WKH UHSUHVHQWDWLYH HTXLOLEULXP WHPSHUDWXUH 5(7ZLOO EHXVHG5(7 LV FRPSDUDEOH WR WKH ODQG VXUIDFH
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1. Introduction 
5HOLDELOLW\ RI GLVWULEXWHG K\GURORJLFDO PRGHOV LV DQ LPSRUWDQW DVSHFW LQ K\GURORJLFDO PRGHOLQJ WR
HQVXUH WKHLU DELOLW\ WR HVWLPDWH HQHUJ\ DQGZDWHU IOX[HV DW DJULFXOWXUDO GLVWULFW VFDOH DVZHOO DV DW EDVLQ
VFDOHIRUZDWHUUHVRXUFHVPDQDJHPHQWLQDJULFXOWXUDOZDWHUXVHDQGIORRGIRUHFDVW
0DQ\ VWXGLHV KDYH GHPRQVWUDWHG WKDW LQLWLDO DQG ERXQGDU\ FRQGLWLRQV RI VWDWH YDULDEOHV VXFK DV VRLO
PRLVWXUH60VRLOWHPSHUDWXUHRUVQRZFRYHUDJHDWGLIIHUHQWWHPSRUDODQGVSDWLDOVFDOHVH[HUFLVHVWURQJ
FRQWUROV RQ K\GURORJLF SURFHVVHV &DVWLOOR HW DO  1HYHUWKHOHVV WKH DSSOLFDWLRQ RI GLVWULEXWHG
K\GURORJLFDOPRGHOV ERWK LQ RSHUDWLYH SUDFWLFH DQG VFLHQWLILF UHVHDUFK LV OLPLWHG E\ WKH GLIILFXOWLHV WR
YHULI\ HYDSRUDWLYH IOX[HV DQG VRLO ZDWHU FRQWHQW DW EDVLQ VFDOH ,Q IDFW FDOLEUDWLRQ DQG YDOLGDWLRQ RI
GLVWULEXWHGPRGHOV JHQHUDOO\ GHSHQG RQ FRPSDULVRQ EHWZHHQ VLPXODWHG DQG REVHUYHG GLVFKDUJHV DW WKH
DYDLODEOH ULYHUVFURVV VHFWLRQV )DPLJOLHWWL	:RRG5DEXIIHWWL HW DO&LDUDSLFD	7RGLQL
%UDWK HW DO   6RLOPRLVWXUH ZKLFK LV UHFRJQL]HG DV WKH NH\ YDULDEOH LQ WKHVH K\GURORJLF
HQHUJ\ZDWHUEDODQFHPRGHOVLVPRVWRIWKHWLPHFRQILQHGWRDQLQWHUQDOQXPHULFDOPRGHOYDULDEOHDQGWKH
OLQNEHWZHHQ LQWHUQDOYDULDEOHVRI WKHSURFHVVHVHJVRLOPRLVWXUH ODQGVXUIDFH WHPSHUDWXUH /67DQG
HYDSRWUDQVSLUDWLRQIOX[HV(7DQGH[WHUQDOYDULDEOHVHJGLVFKDUJHPHDVXUHPHQWVLVQRWUHVROYHG\HW
7KHVHSUREOHPVGURYHWKHVFLHQWLILFFRPPXQLW\WRWKHXVHRIK\GURORJLFPRGHOOLQJLQFRQMXQFWLRQZLWK
UHPRWH VHQVLQJ GDWD LQ WKH WKHUPDO LQIUDUHG EDQGV .DOPD HW DO  ,Q IDFW LQ WKH ODVW \HDUV /67
LPDJHVKDYHEHHQZLGHO\XVHGDV LQSXWYDULDEOHRIHQHUJ\ZDWHUEDODQFHPRGHOV IRUHYDSRWUDQVSLUDWLRQ
HVWLPDWH VHWWOLQJ XS D IDPLO\ RI HQHUJ\ ZDWHU EDODQFH PRGHOV ZKLFK FRPSXWH HYDSRWUDQVSLUDWLRQ DV
UHVLGXDO WHUPRIHQHUJ\EDODQFHHTXDWLRQXVLQJ/67DV LQSXWGDWD %DVWLDDQVVHQHW DO6X
1RUPDQHWDO
,QWKLVFRQWH[WWKLVSDSHUZLOOWU\WRLPSURYHWKHDFWXDOPRGHOLQJWHFKQLTXHVZLWK)(67(:%PRGHO
LQFUHDVLQJ WKHDFFXUDF\RIK\GURORJLFDOSURFHVVHVDWEDVLQ VFDOHXVLQJ ODQGVXUIDFHUHPRWHVHQVLQJGDWD
DQG GLVWULEXWHG K\GURORJLFDO HQHUJ\ ZDWHU EDODQFH PRGHO 6R WKH PDLQ REMHFWLYH RI WKLV SDSHU LV WKH
LQYHVWLJDWLRQ RI WKH SRWHQWLDO LQ XVLQJ RSHUDWLRQDO UHPRWH VHQVLQJ VXUIDFH WHPSHUDWXUH REVHUYDWLRQV DV
SUR[\ RI VXUIDFH VRLO PRLVWXUH IRU WKH FDOLEUDWLRQ RI D GLVWULEXWHG HQHUJ\ ZDWHU EDODQFH PRGHO ,Q
SDUWLFXODU /67 IURP UHPRWH VHQVLQJ ZLOO EH XVHG IRU PRGHO LQWHUQDO FDOLEUDWLRQ RI VRLO K\GUDXOLF
SDUDPHWHUVDQGYHJHWDWLRQYDULDEOHVPLQLPL]LQJ WKHHUURUV0RUHRYHU WKH UHOLDELOLW\RI WKHK\GURORJLFDO




2. Study site 
7KHWHUULWRU\RIWKH0X]]D%DVVD/RGLJLDQDFRQVRUWLXP0%/FRYHUVDQDUHDRINP:LWKLQWKH
KDWKHUHDUHRYHULUULJDWLRQEDVLQVDQGWKRXVDQGVRILUULJDWLRQVXEEDVLQVZLWKLQGLYLGXDOILHOGV
RI ODQGRZQHUV 7KH 0X]]D FDQDO DERXW  NP ORQJ GHULYHV ZDWHU IURP WKH $GGD ULYHU DW &DVVDQR
G¶$GGDDQGLWIORZVEDFNLQWRWKH$GGDULYHUFORVHWR&DVWLJOLRQHG¶$GGD
$YHUDJHDQQXDOUDLQIDOOPHDVXUHGLQWKH0%/&RQVRUWLXPDUHEHWZHHQ6RXWKHUQDUHDDQG
1RUWKHUQ DUHD PPZLWK WZR SHDNV LQ VSULQJ DQG DXWXPQ 'XULQJ WKH VXPPHU VHDVRQPRVW RI ZDWHU
VXSSO\ FRPHV IURP WKH LUULJDWLRQ QHWZRUN7KH XSSHUPHGLXPSDUW RI WKH EDVLQ LV LUULJDWHG E\ VXUIDFH
ZDWHU IORZLQJZKLOH LQ WKHERWWRPSDUWRI WKHEDVLQZDWHU LV OLIWHGE\ WKH$GGDDQG3R ULYHUV WKURXJK
SURSHUSXPSLQJV\VWHPV
6RLOLQIRUPDWLRQDQGYHJHWDWLRQFRYHUDJHDUHDYDLODEOHIURP5HJLRQH/RPEDUGLDPDSV
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2.2.  Eddy covariance station 
2XU WHVWVLWH LV ORFDWHG LQ FHQWUDO DUHDRI WKHEDVLQ LQ/LYUDJD WRZQ ZKHUH DQ HGG\FRYDULDQFH VWDWLRQ
ZLWK7'5SUREHVIRUWKHVRLOPRLVWXUHSURILOHKDVEHHQLQVWDOOHGWRPHDVXUHHYDSRWUDQVSLUDWLRQIOX[HVDQG
K\GURORJLFDO SURFHVVHV (GG\ FRYDULDQFH GDWD DUH PHDVXUHG E\ D WULGLPHQVLRQDO VRQLF DQHPRPHWHU






3. FEST-EWB hydrological model  
)(67(:%LVDGLVWULEXWHGK\GURORJLFDOHQHUJ\ZDWHUEDODQFHPRGHO&RUEDULHWDO&RUEDULHW
DODQGLWLVGHYHORSHGVWDUWLQJIURPWKH)(67:%0DQFLQL5DEXIIHWWLHWDO)(67
(:% FRPSXWHV WKH PDLQ SURFHVVHV RI WKH K\GURORJLFDO F\FOH HYDSRWUDQVSLUDWLRQ LQILOWUDWLRQ VXUIDFH










VXUIDFH DWPRVSKHUH DOO WKH WHUPV DUH FRPSXWHG DQG WKH HTXDWLRQ LV VROYHG ORRNLQJ IRU D UHSUHVHQWDWLYH
HTXLOLEULXPWHPSHUDWXUHWKDWLVWKHODQGVXUIDFHWHPSHUDWXUHWKDWFORVHVWKHHQHUJ\EDODQFHHTXDWLRQ7KLV
HTXLOLEULXP VXUIDFH WHPSHUDWXUH ZKLFK LV DQ LQWHUQDO PRGHO YDULDEOH LV FRPSDUDEOH WR ODQG VXUIDFH
WHPSHUDWXUH DV UHWULHYHG IURP RSHUDWLRQDO UHPRWH VHQVLQJ GDWD DW GLIIHUHQW VSDWLDO DQG WHPSRUDO
UHVROXWLRQV7KLVHTXLOLEULXPWHPSHUDWXUHLVDWHPSHUDWXUHUHODWHGWRWKHWXUEXOHQWSURFHVVHV)(67(:%
ZDVSURYHG WRPDNH DFFXUDWH HVWLPDWHVRI DFWXDO HYDSRWUDQVSLUDWLRQ DJDLQVW HQHUJ\ DQGPDVV H[FKDQJH
PHDVXUHPHQWV DFTXLUHG E\ DQ HGG\ FRYDULDQFH VWDWLRQ &RUEDUL HW DO  DQG DOVR DW DJULFXOWXUDO
GLVWULFWVFDOHDJDLQVWJURXQGDQGUHPRWHVHQVLQJLQIRUPDWLRQ&RUEDULHWDO&RUEDULHWDO
,Q LWV RULJLQDO YHUVLRQ)(67:%PRGHO GRHVQRW FRPSXWH WKH HQHUJ\EDODQFH DQG LQ WKLVZRUN WKH
HYDSRWUDQVSLUDWLRQLVFRPSXWHGXVLQJDPRGLILHG+DUJUHDYHVHTXDWLRQ5DYD]]DQLHWDODQGFURS
FRHIILFLHQWYDOXHV
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4. Calibration methodology 
7KH PHWKRGRORJ\ LV EDVHG RQ WKH FDOLEUDWLRQ RI PRGHO LQWHUQDO VWDWH YDULDEOH HJ ODQG VXUIDFH
WHPSHUDWXUHLQDGGLWLRQWRWKHWUDGLWLRQDOH[WHUQDOIOX[HVHJGLVFKDUJHWRREWDLQEHWWHUXQGHUVWDQGLQJRI
K\GURORJLF SURFHVV DQG PRGHO DQDO\VLV 'RRJH  7KH PHWKRGRORJ\ IRU WKH FDOLEUDWLRQ RI VRLO
K\GUDXOLFSDUDPHWHUVDQGVRRIODQGVXUIDFHWHPSHUDWXUHDQGVRLOZDWHUFRQWHQWLVEDVHGRQD³WULDODQG
HUURU´ DSSURDFK 7KH SURFHGXUH FDQ EH GLYLGHG LQ IRXU VWHSV  )(67(:% PRGHO LV UXQ LQ WKH
FRQILJXUDWLRQ ZLWK WKH RULJLQDO VRLOYHJHWDWLRQ SDUDPHWHUV 26R9HJ  5(7 LV FRPSDUHG ZLWK /67
IURP02',6DQGVWDWLVWLFDOSDUDPHWHUVKLVWRJUDPVDQGVSDWLDODXWRFRUUHODWLRQIXQFWLRQVDUHFRPSXWHG
VRLODQGRUYHJHWDWLRQSDUDPHWHUVDUHPRGLILHGLQRUGHUWRPLQLPL]HHUURUVEHWZHHQREVHUYHGDQGPRGHOHG
ODQG VXUIDFH WHPSHUDWXUH LQ HDFK SL[HO  )(67(:%PRGHO LV UXQ ZLWK WKH QHZ FRQILJXUDWLRQ 7KH




WKHDEVROXWHPHDQELDVHUURU $0%( WKH URRWPHDQVTXDUHHUURU 506( WKH UHODWLYHHUURU 5(DQG
1DVKDQG6XWFOLIIHLQGH[K
0RUHRYHUDVHWRIVLPXODWLRQVDWORFDOVFDOHKDVEHHQFUHDWHGYDU\LQJVRLORUYHJHWDWLRQSDUDPHWHUVWR









,Q WKLV VHFWLRQ WKH FDOLEUDWLRQ RI VRLO K\GUDXOLF DQG YHJHWDWLRQ SDUDPHWHUV WKURXJK WKH FRPSDULVRQ
EHWZHHQ5(7HVWLPDWHGIURP)(67(:%DJDLQVW02',6VDWHOOLWHGDWDRI/67LVUHSRUWHGDVZHOODVWKH
ORFDOVFDOHFRPSDULVRQRIHYDSRWUDQVSLUDWLRQDQGVRLOPRLVWXUH




 DW  LV UHSRUWHG IRU WKH26R9HJFRQILJXUDWLRQ DQG IRU WKH FDOLEUDWHG)(67(:%DVZHOO DV




















5.2. Comparison with local mass fluxes 
)(67(:%PRGHOKDV WKHQEHHQDOVRYDOLGDWHGDJDLQVW WKHIOX[HVPHDVXUHGE\ WKHHGG\FRYDULDQFH
VWDWLRQ,Q)LJFXPXODWHGHYDSRWUDQVSLUDWLRQRYHUWKH\HDUVLVUHSRUWHGIRUREVHUYHGGDWDDQGIRUWKH
FDOLEUDWHGDQGQRWFDOLEUDWHG)(67(:%$UHODWLYHHUURURILVIRXQGEHWZHHQREVHUYDWLRQVDQG(7




)(67:%PRGHO LVFDOLEUDWHGRQO\DW ORFDOVFDOHDJDLQVW IOX[HVPHDVXUHGDW/LYUDJDVWDWLRQVR
WKDWLWLVDEOHWRFRUUHFWO\UHSURGXFHORFDOPHDVXUHGIOX[HVZKLOHLWFDQQRWEHFDOLEUDWHGDQGYDOLGDWHGLQ
HDFKSL[HORILWVGRPDLQ
6LPLODUO\ WR HYDSRWUDQVSLUDWLRQ VRLO PRLVWXUH IURP REVHUYHG GDWD IURP WKH FDOLEUDWHG DQG QRW
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Conclusion 
,Q WKLVZRUN)(67(:%PRGHOKDVEHHQFDOLEUDWHG IRU WKH0X]]DEDVLQXVLQJVDWHOOLWH ODQGVXUIDFH
WHPSHUDWXUHLPDJHVIURP02',6,QSDUWLFXODUDSURFHGXUHIRUWKH LQWHUQDOSL[HOWRSL[HOFDOLEUDWLRQRI
WKHK\GURORJLFDOSURFHVVHVKDVEHHQSUHVHQWHGVRWKDWVRLOK\GUDXOLFSDUDPHWHUVDQGYHJHWDWLRQYDULDEOHV
DUH FDOLEUDWHG DFFRUGLQJ WR WKH FRPSDULVRQ EHWZHHQ REVHUYHG/67 DQG VLPXODWHG5(7PLQLPL]LQJ WKH
HUURUV





7KLV ZRUN ZDV VXSSRUWHG E\ 35(*, 3URMHFW DQG 'RWH 5LFHUFD $SSOLFDWD IXQGHG E\ 5HJLRQH
/RPEDUGLD
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